. To explore the effects of compaction on nuclear significant similarity to E. cuniculi homologs, three show genome evolution, we sequenced 685,000 bp of the significant similarity to homologs in other organisms, Antonospora locustae genome (formerly Nosema lobut not E. cuniculi, and four are putative A. locustaecustae) and compared its organization with the respecific genes. As in E. cuniculi, the genome of A. locently completed genome of the human parasite custae is highly compact, with gene density in the geneEncephalitozoon cuniculi [1, 2]. Despite being very disrich regions of the A. locustae and E. cuniculi genomes tantly related, the genomes of these two microsporibeing 0.94 and 0.97 genes per kilobase, respectively. dian species have retained an unexpected degree of Selecting fragments containing more than one partial or synteny: 13% of genes are in the same context, and complete coding region yielded 44 fragments pos-30% of the genes were separated by a small number of sessing two to six genes, for a total of 122 genes or 94 short rearrangements. Microsporidian genomes are, gene couples (see Table S1 ). The degree of conservation therefore, paradoxically composed of rapidly evolving of gene order between A. locustae and E. cuniculi was sequences harbored within a slowly evolving genome, measured as the percentage of gene couples in A. loalthough these two processes are sometimes considcustae that were also adjacent or close neighbors in ered to be coupled havior of other eukaryotic genomes and might reinforce of eukaryotes, rates of genome evolution appear to corthe expectation that the gene order of microsporidia relate with the overall rate of sequence evolution within would be highly scrambled: while long-range rea genome, probably because the occurrence and/or the arrangements alter gross genome structure, small inversions tend to quickly disrupt short-range gene orders [21]. In contrast, however, E. cuniculi and A. locustae
shows a fungal phylogeny indicating that Schizosaccharomyces pombe, Saccharomyces cerevisiae, and species. A molecular phylogeny using the SSU rRNA sequence shows that A. locustae and E. cuniculi are Candida albicans span the diversity of ascomycetes but are comparatively closely related in the broader view of very distantly related within microsporidia ( Figure 3A) . Absence of fossils and the rapid rate of sequence evolufungal diversity. The level of gene order conservation between the microsporidia (13%) is almost 1.5-fold tion in microsporidian genes prevent any direct comparison between the rate of genome shuffling in microsporihigher than that between S. cerevisiae and C. albicans (9%), while there is no detectable conservation between dia with that of another eukaryotic group. However, a Table S4 for accession numbers) aligned with ClustalX. Gaps and poorly aligned regions were excluded. Maximum likelihood trees were inferred with PAUP* 4.0b10 [42] by using GTR, ␥, and invariable sites. Numbers at nodes correspond to percentage of bootstrap support over 500 pseudoreplicates. Data for Candida albicans was obtained from the Stanford Genome Technology Center website at http://www-sequence.stanford.edu/group/candida. Boxes linking pairs of taxa indicate percentage of adjacency conservation, SSU rRNA distance, and average protein p distance among 14 proteins shared by all five species (see Table S2 for details). Scale bar represents the number of (corrected) changes per site, and both trees are drawn to the same scale.
S. cerevisiae and S. pombe [20, 26]. In contrast, the genes. Notwithstanding, these studies point to nematodes and dipterans as the animal lineages with the levels of sequence conservation between microsporidian SSU rRNA are 10-and 5-fold lower than that befastest rates of genome rearrangements [5-7], so it is unlikely that the human-fish estimate of synteny is partween C. albicans and S. cerevisiae, and S. cerevisiae and S. pombe, respectively. Likewise, average diverticularly low. Among plants, the genomes of grasses were considered to be highly conserved in structure, gence at the protein sequence level was substantially higher for the microsporidian species than for the but recent sequence analyses have shown that thousands of rearrangements have differentiated grass ge-S. cerevisiae-C. albicans and S. cerevisiae-S. pombe pairs, respectively (Figure 3 and Table S2 deep levels of divergence. Information from eukaryotes other than animals, plants, and fungi is severely limited, which showed that 11% and 18% of Fugu genes pairs are separated by no more than five and ten intervening but whole genome data are available for some apicomplexan parasites. Human and rodent malaria agents genes in humans, respectively. As with ascomycetes, the level of sequence evolution between humans and P. falciparum and P. yoelii diverged comparatively recently and share many segments of conserved gene teleosts is significantly lower than that between microsporidia (See Table S2 not only be an astonishing "infection" of a kingdom, but also would be inconsistent with the nature of modern tergenic regions, then the intergenic regions between microsporidia, since most infect a single host or a comconserved gene pairs should be shorter on average than paratively narrow host range [37, 38] . Phylogenetic analthe intergenic regions between nonconserved pairs. Inyses have also showed than related microsporidia tend deed, the average distance between gene pairs that are to infect similar hosts and have inferred only a handful adjacent is less than half the distance between genes of "jumps" between distantly related animals (e.g., [39] ). that are not adjacent in both A. locustae and E. cuniculi The alternative explanation is that the structure of 
